To examine whether the 1-h blood glucose measurement would be a more suitable screening tool for assessing the risk of diabetes and its complications than the 2-h measurement.
diabetes, and conversely, a significant number without prediabetes progress to type 2 diabetes (9) . Accumulating longitudinal evidence, pioneered in particular by Abdul-Ghani and colleagues (10) (11) (12) (13) (14) (15) (16) (17) (18) , suggests that the 1-h postload glucose level during OGTT with a cutoff $8.6 mmol/L (155 mg/dL) may be an early marker of IGT and subsequent type 2 diabetes that is potentially more useful than either fasting or 2-h glucose levels. Furthermore, from a pathophysiological perspective, the 1-h glucose level is intriguing owing to its seemingly strong correlation with markers of both insulin secretion and sensitivity (10, 19, 20) . However, practical clinical implications of using a 1-h glucose measurement for prediction of type 2 diabetes and its associated complications are less clear. Therefore, the aim of this study was to examine whether the 1-h blood glucose measurement would be a more suitable screening tool for risk assessment than the 2-h blood glucose alone.
RESEARCH DESIGN AND METHODS
All subjects were participants of the Malmö Preventive Project (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) , a population-based case-finding program with the objective of identifying high-risk adults suitable for preventive measures. Inhabitants of Malmö, Sweden, belonging to prespecified birth cohorts were invited for an examination of cardiovascular risk factors, alcohol abuse, and breast cancer. Progressively older men were recruited later during the course of the study. The participation rate was 71% (21) (22) (23) . During the initial phase of the study (9 September 1974 to 31 May 1978 [both inclusive]), 7,200 men were consecutively included, of whom 5,364 underwent baseline OGTT. After exclusion of subjects with a missing or invalid 1-h glucose measurement (7 of 5,364) or known diabetes (100 of 5,364), and those who emigrated (71 of 5,364), 5,182 individuals were left. Of these, a subset of individuals at high riskdincluding those with hypertension, hyperlipidemia, diabetes, and IGT, with the latter defined per local standards as a 2-h blood glucose level $7.0 mmol/L (126 mg/dL) confirmed on a separate day (315 of 5,182)dunderwent intervention. The intervention for IGT comprised of dietary advice and increased physical activity, most often including frequent visits at an outpatient clinic for up to 12 years after inclusion. We also excluded these subjects; thus, the final study population consisted of 4,867 men ( Supplementary Fig. 1 ). In addition, 132 women recruited between 25 January 1977 and 6 January 1984 underwent baseline OGTT. One was excluded owing to known diabetes and 3 owing to emigration, but none of them underwent intervention, leaving a total of 128 female subjects. The Malmö Preventive Project was approved by the ethics committee of Lund University and conducted in accordance with the Declaration of Helsinki. All participants gave informed consent.
Baseline Variables
Participants used a self-administered questionnaire to provide information on lifestyle and medical history, including a history of diabetes in first-degree relatives, cardiovascular disease, and current medication. Prevalent diabetes was defined as self-reported diabetes or according to the 1985 World Health Organization criteria (24) . Blood glucose and serum lipids were obtained after an overnight ($10 h) fast. Blood glucose was analyzed using the glucose oxidase (1974) (1975) (1976) (1977) or the hexokinase (1977-1992) method. Serum lipids were analyzed using the local laboratory's standard methods. A 2-h OGTT was performed by ingestion of 30 g glucose/m 2 body surface area (DuBois formula), with glucose levels determined at 0, 20, 40, 60, 90, and 120 min (25) . Analyses of postload glucose levels were focused on measurements at 1 h and 2 h.
Outcomes
We used national and local registries to record clinical end points. Besides the diagnosis itself, the date of diagnosis is also coded in these registries. All events (type 2 diabetes, myocardial infarction, diabetic retinopathy, and diabetes with peripheral vascular complications, including ulcer) were defined according to the relevant ICD-7 to ICD-10 codes ( Supplementary  Table 1 ). Reported validities in the Swedish National Inpatient Register were high for all diagnoses (26) . Mortality follow-up was based on the national registry on causes of mortality at the Swedish Central Bureau of Statistics. As follow-up was limited to 31 December 2013, the potential minimum and maximum follow-up times were 35 and 39 years, respectively.
Statistical Methods
Continuous variables are presented as mean 6 SD (normally distributed variables) or median (interquartile range [IQR]) (non-normally distributed variables). Categorical variables are presented as counts and corresponding percentages. Kaplan-Meier analysis with the log-rank test and Cox proportional hazards regression with Harrell concordance index (C index), assuming an uncensored policy for handling ties, were used for assessment of discriminative ability for postload glucose measurements, including comparisons between predefined risk groups (27) . Hazard ratios (HRs) were reported unadjusted and adjusted for age, BMI, IFG, triglycerides, and family history of diabetes. Furthermore, the ability of 1-h and 2-h postload glucose measurements to enhance prognostication in addition to fasting blood glucose was tested with categorical net reclassification improvement (28) . All glucose measurements were assessed in a binary fashion, using the following cut points: IFG, fasting blood glucose $5.6 mmol/L (100 mg/dL); elevated 1-h blood glucose, $8.6 mmol/L (155 mg/dL); and IGT, 2-h BG $7.8 mmol/L (140 mg/dL) (7, 10) . Analyses were performed at 12 years and at maximal available follow-up, respectively. This was because of the possibility of the intervention among high-risk individuals during the first 12 years after recruitment affecting the study outcomes because even though we attempted to minimize the implications of the intervention by excluding individuals who were subjected to it, there may have been a spillover effect to the control subjects, given the population-based nature of the study. Results obtained from the women were reported separately. Therefore, unless explicitly stated otherwise, all analyses and conclusions were based on the larger male population. The significance level was 5% (two sided), and no adjustments for multiple comparisons were made, as the study was considered exploratory. All analyses were performed with IBM SPSS Statistics 23 (IBM, Armonk, NY) and Stata/IC 15 (StataCorp, College Station, TX). Table 1 shows baseline anthropometric, clinical, and laboratory characteristics of the study participants. All 4,867 subjects were male, with a median age of 48 years (IQR 48-49; range 27-52), mean BMI 24.8 6 3.1 kg/m 2 , mean body surface area 1.93 6 0.15 m 2 , and mean total cholesterol level 5.8 6 1.0 mmol/L (225 6 40 mg/dL).
RESULTS
A history of a sedentary lifestyle (leisure time mostly spent on sedentary activities, including reading, television, and cinema) was reported in 2,757 (57%), and 655 (13%) had a first-degree relative with diabetes. Normal postload blood glucose levels (NGT/1h-normal) were found in 3,139 (65%), elevated glucose at 1 h only (NGT/1h-high) was found in 1,564 (32%), and IGT only (IGT/1h-normal) was found in in 32 (1%), and 132 (3%) had both elevated 1-h glucose and IGT (IGT/1hhigh). Collectively, 1,696 (35%) individuals had elevated glucose at 1 h, and 164 (3%) had IGT. Glucose levels at 1 h and 2 h were moderately correlated (Pearson r = 0.332, P , 0.001) ( Supplementary Fig. 2 ).
Cumulative Events
Median follow-up time was 33 years (IQR [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . At 12 and 39 years, 65 (1%) and 636 (13%) individuals had been diagnosed with type 2 diabetes, corresponding to incidence densities of 1.2 and 4.8 per 1,000 person-years, respectively. Cumulative incidences were lowest in subjects with NGT/1h-normal, highest in subjects with IGT/1h-high, and greater in subjects with NGT/1h-high than in those with IGT/1h-normal (Table 2 and Supplementary Table 2 ).
Hazard Risk
The Kaplan-Meier plot shows the unadjusted type 2 diabetes-free survival for risk categories based on postload blood glucose measurements ( Fig. 1A and Supplementary Figs. 3 and 4 ). Congruent with the above, both crude and adjusted HRs for development of type 2 diabetes were significantly greater in risk categories including subjects with elevated 1-h blood glucose levels (Table 3 and Supplementary Table 3 ).
Discriminative Ability
The presence of an elevated 1-h blood glucose level was associated with significantly greater discriminative ability than IGT based on 2-h blood glucose at both 12 years (C index 0.698 vs. 0.553, P , 0.001) and 39 years (C index 0.637 vs. 0.511, P , 0.001). Additionally, the presence of IFG or elevated 1-h blood glucose was associated with a greater risk of type 2 diabetes than IFG or IGT at 12 years (HR 7.22 [95% CI 3.93-13.26], P , 0.001, C index 0.720, vs. HR 4.64 [95% CI 2.69-7.99], P , 0.001, C index 0.600; P for difference ,0.001) and 39 years (HR 3.31 [95% CI 2.82-3.88], P , 0.001, C index 0.636, vs. HR 2.28 [95% CI 1.83-2.84], P , 0.001, C index 0.537; P for difference , 0.001). ,0.001 a Continuous variables are presented as mean 6 SD (normally distributed variables: BMI, blood pressure, blood glucose, and total cholesterol) or median (IQR) (non-normally distributed variables: age and triglycerides). Data for the study population (first row) and categorical variables (active smoking, family history of diabetes, and sedentary lifestyle) are presented as counts and corresponding percentages. a Kruskal-Wallis rank test. b Pearson x 2 test. c One-way ANOVA. 
Reclassification
The abilities of elevated 1-h and 2-h blood glucose levels to reclassify risk in addition to fasting blood glucose measurements were tested in separate models. Two risk categories were applied, and reclassification could only be present if postload glucose levels were elevated in subjects with normal fasting glucose. As such, the addition of 1-h glucose was associated with greater net reclassification improvement than the addition of 2-h glucose at both 12 years (0.308 vs. 0.066) and 39 years (0.214 vs. 0.016) ( Supplementary Table 4 ).
Guideline-Based Screening
Restricting analyses to subjects in whom contemporary guidelines suggest screening for diabetes (8) , i.e., subjects aged $45 years or subjects with a BMI $25 kg/m 2 and at least one additional risk factor (. 99% of our study population met the criteria for screening) did not alter the results.
Diabetes Complications and Mortality
Similar overall patterns were observed when we used all-cause mortality as the outcome, i.e., subjects with elevated 1-h blood glucose levels had a significantly higher mortality risk than those with NGT/1h-normal, whereas those with IGT/ 1h-normal did not (Table 3 , Supplementary  Table 5 , and Fig. 1B) . The risk of myocardial infarction or fatal ischemic heart disease was also greater among subjects with elevated 1-h glucose levels versus NGT/1h-normal. Finally, elevated 1-h glucose levels were associated with greater risks of retinopathy and peripheral vascular complications. No differences were detected between IGT/1h-normal and NGT/1h-normal (Supplementary Tables 6 and 7) .
Glucose Measurements at Earlier Time Points
To highlight the importance of 1-h blood glucose measurements, we performed supplemental analyses comparing glucose levels obtained at 20 and 40 min with those obtained at fasting, 1 h, and 2 h in predicting incident type 2 diabetes and all-cause mortality ( Supplementary  Tables 8 and 9 ). Standardized HRs for glucose measurements obtained at time points earlier than 2 h were generally greater among the younger and thinner halves of the study population, but only the interaction terms between BMI and 40-min and 1-h glucose, and between age and 40-min glucose, were statistically significant ( Supplementary Table 10 ).
Female Subjects
Median age at baseline was 39 years (IQR 38-40; range group and 6.68 (95% CI 0.82-54.52), P = 0.08, for the IGT/1h-high group.
CONCLUSIONS
Our results demonstrate that in middleaged men, for whom screening for type 2 diabetes would be recommended, the 1-h blood glucose level is a significant predictor of future type 2 diabetes, regardless of the 2-h blood glucose level. In addition, the 1-h blood glucose level has greater detection rates (higher sensitivity) than the 2-h blood glucose level and can correctly reclassify subjects with traditionally defined prediabetes, especially with longer duration of follow-up (high specificity). Importantly, the 1-h blood glucose level is also associated with diabetes complications and mortality. Prior studies have focused mainly on the ability of 1-h glucose measurements to correctly subdivide subjects with NGT into those with low(er) and high(er) risk of future type 2 diabetes and focused less on the direct comparison between 1-h and 2-h OGTT from a clinical standpoint (10, (12) (13) (14) (15) . Previous results from the Malmö Preventive Project have further suggested that the 1-h blood glucose level also adds significant predictive value to clinical risk factors (16, 17) . However, such strategies do not allow for the omission of the 2-h OGTT or preclude the use of complex multivariable clinical prediction models, for which clear cutoff values and benefits upon intervention have not been established. Our study therefore extends previous findings by using a simple and clinically applicable approach, directly comparing risks in groups stratified according to postload blood glucose levels, in a larger population sample with longer follow-up duration. An elevated 1-h blood glucose level was associated with a significantly increased risk of incident type 2 diabetes at both short-term and long-term follow-up and further provided significant net reclassification improvement in subjects categorized per fasting blood glucose. Consistent with prior findings, subjects in the IGT/1h-normal group constituted a minority (18) , and, importantly, few individuals categorized as such progressed to diabetes, without any significant difference from persons in the NGT/1h-normal group. Conversely, the IGT/1h-high subgroup contained individuals at very high risk of future type 2 diabetes. Therefore, virtually all individuals with true IGT at 2 h who progressed to manifest type 2 diabetes were captured by an elevated 1-h glucose level.
The ability of 1-h blood glucose levels to predict diabetes complications and mortality is less well studied. Elevated glucose levels at 1 h are associated with adverse metabolic and cardiovascular changes, reflected by body composition, cholesterol levels, and subclinical target organ damage, including arterial stiffness, carotid intimamedia thickness, and left ventricular hypertrophy (19, 20, (29) (30) (31) . However, very few reports of the clinical consequences have been published (32) (33) (34) (35) , and although associations with macrovascular events and mortality have been shown, only one study of 1,945 subjects included glucose levels at 2 h and indicated that 1-h glucose levels predicted all-cause mortality among subjects with NGT (35) . Our study demonstrates for the first time an association between elevated 1-h blood glucose levels and adverse cardiovascular prognosis, including microvascular complications, in subjects with NGT, while at the same time showing the lack of such an association in subjects with IGT only. Furthermore, the 1-h blood glucose level predicted mortality, whereas isolated IGT did not.
Although the 2-h OGTT has received less emphasis by the American Diabetes Association (8) , the majority of evidence for intervention among subjects with prediabetes comes from studies of overweight or obese individuals with IGT (3-6). Furthermore, both fasting glucose and HbA 1c have limited sensitivity and specificity for detecting subjects at risk, especially because of high false-negative rates, and the current study provides evidence that the 1-h OGTT is superior to fasting glucose alone for identifying high-risk subjects (7, 10, 12, 13, 15, 16, (36) (37) (38) . Hence, a more sensitive strategy is needed, which at the same time is simple to use in a primary care setting and less time consuming and more convenient than the 2-h OGTT. The current study extends the results from a previous report from the Malmö Preventive Project and shows that the 1-h time limit provides not only the best compromise in terms of time consumption (performs equivalent to or better than glucose measurement at 90 min) but also prognostic ability (performing better than glucose measurements at 20 and 40 min) (17) . The proposed cut point for 1-h blood glucose identifies a substantially larger proportion of subjects at high risk compared with conventional IGT (10, 12, 13) , and its use could lead to more widespread preventive efforts. However, since subjects for whom screening for type 2 diabetes is recommended already have an adverse risk profile (7, 8) , using a 1-h OGTT should lead to a reduced burden of both diabetes and its complications, without an excess risk of harm.
The pathophysiological significance of elevated 1-h blood glucose levels is not fully understood. Proposedly, these individuals may be at an intermediate stage between NGT and IGT or represent a phenotype distinct from that of individuals with IGT (10, 19, 20) . In subjects with NGT, an elevated 1-h glucose level is associated with insulin resistance to a degree similar to that seen among individuals with IGT. Insulin secretion is also affected, albeit to a lesser extent (19, 20) . Furthermore, the risk of future type 2 diabetes associated with elevated 1-h blood glucose levels was temporally persistent but greater in the IGT/1h-high group than in the NGT/ 1h-normal group, particularly at shorter follow-up. These findings, in addition to those stated above, largely support the first theory and further support the concept that worsening b-cell function, not insulin resistance, is the main culprit involved in progressive glucometabolic deterioration (13) .
Our results highlight the potential benefit of targeting individuals with an elevated 1-h blood glucose level and provide a strong rationale for an interventional study in which subjects are selected based on this abnormality. Should preventive efforts prove beneficial in this relatively large group, it would become prudent to consider 1-h blood glucose as a replacement for 2-h blood glucose.
A few limitations deserve mention. The definition of type 2 diabetes has changed over the past decades, notably with the lowering of the fasting glucose threshold in 1997 and the introduction of HbA 1cdefined diabetes in 2011 (7) . However, despite there being only a partial overlap between subjects with prediabetes and diabetes defined according to these different measures, the predictive capability of clinical risk factors remains comparable (7, 39) . The 30 g/m 2 glucose load was the standard procedure at the initiation of the study, and based on estimates of body surface area, this resulted in an average glucose load 23% lower than with the use of 75-g glucose. Prior studies have suggested that a larger glucose load results in greater differences in glucose concentrations at 2 h than at 1 h. In individuals without IGT or diabetes, the glucose levels at 1 h are virtually identical when comparing a 50-g with a 100-g glucose load. Even at 2 h, the difference appears to be small, with highly correlated values (40) (41) (42) (43) . Discrepancies between glucose levels are larger among subjects with IGT at both 1 h and 2 h (42). Theoretically, the lower glucose dose might have had a slightly greater impact on the 2-h level than the 1-h level, improving the relative sensitivity of the 1-h measurement, but significant differences have not been shown for 75 g versus 100 g, and it is not likely that important differences would exist for the glucose load used in our study compared with the standard 75-g load (43). In contrast with the well-established partitions for fasting glucose and 2-h OGTT, the cut point of 8.6 mmol/L for 1-h OGTT has been less thoroughly investigated and was derived from the San Antonio Heart Study (10) . However, use of a cut point derived from our own cohort would have inflated its utility compared with 2-h OGTT. An additional limitation might be attributed to the use of two different approaches for measurement of glucose levels, although the glucose oxidase and hexokinase methods have been shown to deliver well-correlated results (44) . The generalizability of our results beyond white men may be limited, but there is no evidence to suggest sex-or race-related differences in the prognostic ability of 1-h versus 2-h OGTT. However, women may have slightly lower mean concentrations of 1-h glucose, with a slower return to baseline levels (45) . This fits well with the observation that traditionally defined IGT is more prevalent in females than in males (9) . Most women were recruited later during the Malmö Preventive Project, when routine performance of the comprehensive OGTT had been omitted owing to financial restrictions. Thus, very few women underwent such testing and the results obtained from this subgroup should be interpreted very cautiously, given the minuscule number of events. The isolated IGT group was small, and although results were consistent, CIs were wide. Still, this finding by itself is valuable, as it indicates a minimal loss by not capturing these individuals. Finally, although we excluded the individuals who underwent lifestyle intervention to enhance the interpretability of our study, this might have resulted in removal of the subjects who had the highest a priori risk for type 2 diabetes and associated complications, underestimating the true incidence of outcomes, particularly in the subgroups with abnormal baseline glycemic status.
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